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The  perovskite  oxides  are  promising  catalysts  for  VOCs  combustion.  The  purpose  of  this  work  is  to  com¬ 
paratively  evaluate  catalytic  activity  of  some  simple  perovskites  with  various  cationic  compositions  in 
combustion  reactions  of  acetone,  benzene,  propane  and  Pb  free  gasoline.  Nanometer  particles  of  nominal 
composition:  GdA103,  SrMn03,  SrCo03  and  MnFe03  were  prepared  by  the  sol-gel  self-combustion 
method  followed  by  heat  treatment  at  1000  °C  in  air.  The  samples  were  characterized  by  X-ray  diffrac¬ 
tion,  scanning  electron  microscopy,  energy  dispersive  X-ray  spectroscopy  and  nitrogen  adsorption/ 
desorption  isotherms.  All  samples  have  perovskite  type  structure  and  the  crystallite  size  is  in  the  range 
of  40-89  nm.  Catalytic  testing  evidenced  that  the  degree  of  the  catalytic  activity  varied  considerably  with 
the  perovskite  composition.  Among  the  four  perovskites,  SrMn03  is  generally  the  most  active  catalyst  at 
low  temperatures.  MnFe03  and  SrCo03  x  catalysts  proved  high  catalytic  activity  in  acetone  conversion 
only.  The  change  in  the  catalytic  activity  as  a  result  of  the  modification  of  the  perovskite  composition 
may  be  explained  either  by  the  different  reactivity  of  the  active  oxygen  species  involved  in  the  catalytic 
oxidation,  or  by  the  variation  in  the  number  of  active  sites  on  the  perovskite  surface  determined  by  the 
specific  structural  properties  of  each  perovskite. 

©  2014  Elsevier  Ltd.  All  rights  reserved. 


1.  Introduction 

The  perovskite  oxides  are  proved  to  be  highly  active  catalysts 
for  oxidation  reactions  in  connection  with  air  pollution  control 
[1],  They  are  considered  as  potential  substitutes  for  noble  metal 
catalysts,  which  are  expensive  [2],  Perovskite  catalysts  combine 
low  cost,  thermo-chemical  stability  at  high  operating  temperature 
and  satisfactory  catalytic  activity  [3-14], 

Although  the  perovskites  are  potentially  suitable  for  oxidation 
of  the  volatile  organic  compounds  (VOCs),  most  of  research  on 
the  catalytic  activity  of  the  perovskites  has  focused  on  methane 
combustion  [15-17],  The  catalytic  combustion  of  methane  has 
received  attention  mainly  due  to  the  possibility  of  lowering  the 
combustion  temperature,  thus  practically  reducing  emissions  of 
NOx,  CO  and  unburned  hydrocarbons.  We  extended  this  research 
and  explored  the  role  of  perovskites  in  the  catalytic  combustion 
of  other  volatile  organic  compounds. 

The  perovskite  structure  is  generally  described  by  the  formula 
AM03i  where  A  is  usually  an  alkaline  earth  or  rare  earth  and  M  is 
a  transition  metal  cation  (most  frequently  manganese  or  cobalt). 
The  A  cation  is  larger  than  the  M  cation.  The  catalytic  activity  of 
perovskite-type  oxides  in  VOCs  oxidation  is  essentially  controlled 
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by  the  M-site  cation  and  can  be  improved  by  substitution  of 
another  A-site  or  M-site  cation  [17-19], 

Many  researches  have  suggested  that  oxygen  vacancies  in  the 
perovskite  oxides  play  a  major  role  in  catalytic  oxidations, 
although  the  origin  of  their  catalytic  activity  is  still  debated 
[11,20,21],  By  partial  or  total  replacement  of  the  A3+  or  M3+  ions 
with  elements  of  different  valence  in  the  AM03  perovskite  one 
can  generate  oxygen  vacancies,  which  are  preferential  points  for 
02  adsorption  [19],  Important  for  perovskite  activity  as  catalyst 
in  the  catalytic  flameless  combustion  of  VOCs  is  the  oxygen  mobil¬ 
ity  [22-24],  The  oxygen  mobility  inside  the  perovskite  lattice  is 
affected  by  the  nature  of  the  A-site  cation  [25]  and  increases 
proportionally  with  the  concentration  of  oxygen  vacancies. 

For  any  practical  wide-scaled  applications,  the  price  of  catalyst 
has  to  be  reasonably  low.  To  meet  this  constraint  simple  and 
inexpensive  methods  for  perovskite  synthesis  are  necessary.  The 
preparation  of  perovskite  type  oxide  compound  involves  a  solid- 
state  reaction  of  its  precursor  oxides  to  form  the  AM03  structure. 
This  requires  an  exposure  of  the  precursor  oxides  to  high  temper¬ 
ature  leading  to  a  low  specific  surface  area  of  the  catalyst.  Even 
though  the  best  catalytic  performances  in  catalytic  combustion 
are  exhibited  by  La-  or  Sr-based  perovskites  containing  Co,  Fe  or 
Mn  as  M  cation  [16],  the  greatest  limitation  for  their  applications 
is  their  low  surface  area  that  appears  to  be  a  serious  disadvantage. 
To  overcome  this  drawback,  a  number  of  alternative  preparation 
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methods  have  been  tried  in  an  attempt  to  lower  sintering  temper¬ 
ature  for  perovskite  synthesis.  In  the  present  work  a  non-conven- 
tional  method  combining  sol-gel  route  with  self-combustion 
[26-28]  was  used  to  prepare  four  simple  perovskites:  SrMn03, 
SrCo03t  MnFe03  and  GdA103.  Following  this  method,  the  synthesis 
conditions  can  be  controlled  by  subsequent  heat  treatments  and 
grain  sizes  substantially  smaller  than  those  obtained  by  the  con¬ 
ventional  ceramic  method  can  be  achieved.  We  analyzed  compar¬ 
atively  the  catalyst  properties  of  these  perovskites  in  the  total 
oxidation  of  some  dilute  gases:  acetone,  benzene,  propane  and 
Pb  free  gasoline.  Influence  of  various  catalyst  parameters  (chemical 
composition,  crystallite  size  and  specific  surface  area)  and  process 
parameters  (reaction  temperature,  conversion  degree,  reaction  rate 
and  activation  energy)  on  VOCs  catalytic  combustion  has  been 
investigated. 

2.  Experimental 

2.2.  Preparation  of  perovskites 

The  performance  of  a  catalyst  depends  on  its  physical-chemical 
properties  which  are  strongly  affected  by  the  synthesis  technique 
of  the  catalyst.  In  the  present  work  the  sol-gel-self-combustion 
method  described  in  our  previous  papers  [28-31]  was  used  to  pre¬ 
pare  SrMn03  (SMP),  SrCo03  (SCP),  MnFe03  (MFP)  and  GdA103 
(GAP)  nanocrystalline  perovskite  powders.  This  method  included 
the  following  steps:  (1)  dissolution  of  metal  nitrates  in  deionized 
water;  (2)  polyvinyl  alcohol  (10%  concentration)  addition  to  nitrate 
solution  to  make  a  colloidal  solution;  (3)  NH40H  (10%  concentra¬ 
tion)  addition  to  increase  pH  to  about  8;  (4)  stirring  at  80  °C  to  turn 
the  sol  of  metal  hydroxides  into  gel;  (5)  drying  the  gel  at  100  °C; 
(6)  self-combustion  of  the  dried  gel;  (7)  calcinations  at  500  °C  for 
30  min  of  the  burnt  powder  to  eliminate  any  residual  ceramic  com¬ 
pounds;  (8)  heat  treatment  of  the  powders.  The  heat  treatment 
was  performed  at  1000  °C  for  7  h.  The  migration  of  ions  for  the  for¬ 
mation  of  the  perovskite  structure  demands  a  long  treatment  time. 

2.2.  Physical-chemical  characterization  of  the  perovskites 

The  specific  surface  area  (SBET)  of  the  samples  was  determined 
from  the  nitrogen  sorption  isotherms  at  the  temperature  of  liquid 
nitrogen  using  the  standard  Brunauer,  Emmet  and  Teller  method 
[32],  Adsorption/desorption  isotherms  were  obtained  using 
Nova-2200  apparatus,  after  out  gassing  of  samples  at  300  °C 
overnight.  The  pore  size  distribution  (PSD)  curves  were  obtained 
using  BJH  (Barret-Joygner-Halenda)  method  [32], 

Information  about  the  crystallographic  phases  and  crystallite 
sizes  was  obtained  by  X-ray  diffraction  (XRD).  The  average  crystal¬ 
lite  sizes  were  estimated  using  the  Scherrer  equation: 


where  X  is  radiation  wavelength,  ft  is  the  half  width  of  the  peak  and 
0  is  the  Bragg  diffraction  peak  angle  which  can  be  applied  for  crys¬ 
tallites  up  to  100-150  nm  in  diameter.  A  PANALYTICAL  X’  PERT  PRO 
MPD  powder  diffractometer  was  used  for  XRD  measurements  on 
powder  samples.  Cu  Koc  radiation  (2  =  1,542512  A),  a  scanning  rate 
of  2  °/min  and  a  spectral  resolution  of  0.008°  were  used.  Patterns 
were  collected  in  the  range  20°  ^  20  ^  80°. 

The  visualization  of  the  morphology  (SEM  images)  was  per¬ 
formed  with  the  scanning  electron  microscope  (JEOL-200  CX). 
The  chemical  composition  of  the  surface  particles  was  examined 
with  Energy  Dispersive  X-ray  Spectrometer  (EDS).  Incident  elec¬ 
tron  beam  energies  from  0  to  16  keV  have  been  used. 


2.3.  Catalytic  testing 

Catalytic  flameless  combustion  reactions  of  acetone,  benzene, 
propane  and  Pb  free  gasoline  in  the  presence  of  the  perovskite  cat¬ 
alyst  were  performed  in  a  flow  quartz  tubular  reactor  (flow  rate  of 
100  cm3/min  and  VOC  concentration  in  air  of  1-2%o)  with  an  inner 
diameter  of  7  mm.  The  powder  catalyst  (typically  0.3-0.5  g)  was 
sandwiched  between  two  glass  wool  layers  in  the  isotherm  zone 
of  the  reactor,  which  is  heated  by  a  tubular  electric  furnace.  Cata¬ 
lytic  tests  were  performed  at  gas  hourly  slacer  velocity  (GHSV)  of 
5100  h  1  in  the  temperature  range  20-550  °C.  The  increase  of  the 
temperature  was  made  in  steps  of  50  °C.  At  every  predetermined 
temperature  the  gas  concentration  at  the  exit  of  reactor  was  mea¬ 
sured  by  a  photo-ionization  detector  (PID-TECH)  for  VOCs.  Details 
on  the  set-up  for  catalytic  tests  at  atmospheric  pressure  are  given 
in  a  previous  paper  [30],  The  catalytic  activity  of  the  perovskites 
under  study  was  evaluated  in  terms  of  the  gas  conversion  )/  calcu¬ 
lated  as: 

r,  =  Cin  ~  Cout  x  100%,  (2) 

On 

where  cin  and  cout  are  the  inlet  and  outlet  gas  concentration,  respec¬ 
tively.  Data  were  collected  when  the  flameless  catalytic  combustion 
had  reached  a  steady  state,  after  about  20  min  at  each  temperature. 
These  experiments  were  repeated  with  decreasing  temperature  and 
similar  results  were  obtained.  The  catalysts  were  not  deactivated 
during  testing. 

3.  Results  and  discussion 

3.1.  Structural  characteristics  of  perovskites 

The  room  temperature  XRD  patterns  for  samples  presented  in 
Fig.  1  were  indexed  as  perovskite  type  structure.  Identification 
was  performed  by  comparing  the  patterns  to  a  known  standard. 
GdA103  was  identified  as  orthorhombic  perovskite  phase  (Fig.  la), 
SrMn03  and  SrCo03  were  indexed  as  hexagonal  perovskite  type 
structure  (Fig.  lb  and  c)  and  MnFe03  perovskite  crystallizes  in  the 


20 

Fig.  1.  XRD  patterns  of  the  studied  perovskites:  (a)  GdA103,  orthorombic  perovskite 
(PDF  24-419);  (b)  SrMn03,  hexagonal  perovskite  (PDF  72-197);  (c)  SrCo03_x, 
hexagonal  perovskite  (PDF  40-1018);  (d)  MnFe03,  cubic  perovskite  (PDF  75-894). 
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Table  1 

Phase  composition,  lattice  parameter,  average  crystallite  size  and  X-ray  density  of  the  investigated  samples. 


Sample 

Phases  by  XRD  analysis 

Lattice  parameter  (A) 

Dxrd'1  (nm) 

dx  (g/cm3) 

SrMn03 

Hexagonal  perovskite  (space  group  P63/mmc) 

a  =  5.459 

c  =  9.090 

88.9 

5.45 

SrCo03 

Hexagonal  perovskite  (space  group) 

a  =  5.485 
c  =  4.137 

59.9 

6.45 

MnFe03 

Cubic  perovskite  (space  group  Ia3) 

a  =  9.400 

59.2 

5.08 

GdA103b 

Orthorhombic  perovskite  (space  group  Pbnm) 

a  =  5.250 
b  =  5.302 

c  =  7.440 

39.6 

7.43 

a  Crystallite  size  calculated  with  Scherrer's  equation. 
b  Data  for  GdA103  catalyst  are  taken  from  [28], 


cubic  system  (Fig.  Id).  Both  the  hexagonal  and  the  orthorhombic 
perovskite  type  structures  are  derived  from  the  distorted  cubic 
perovskite  structure. 

The  phase  composition,  lattice  parameter,  average  crystallite 
size  and  X-ray  density  of  the  investigated  samples  after  heat  treat¬ 
ment  at  1000  °C  are  summarized  in  Table  1.  In  this  study  strontium 


cobaltite  was  identified  as  SrCo03_x  by  reference  to  the  diffraction 
pattern  standard  (Pdf  nr.  40-1018).  This  composition  with  oxygen 
deficit  indicates  that  the  valence  of  cobalt  is  3+.  The  Sr  bivalent  cat¬ 
ions  (Sr2+)  cause  higher  oxidation  states  of  cobalt,  but  because  Co4+ 
is  instable,  an  oxygen  release  takes  place,  so  that  oxygen  vacancies 
are  formed. 


GdA103 


SrMn03 


MnFeC>3  Sr( ’u() ;  x 

Fig.  2.  SEM  images  of:  (a)  GdA103,  (b)  SrMn03,  (c)  MnFe03  and  (d)  SrCoO,  x  perovskites. 


Fig.  3.  EDS  spectra  for  two  perovskites:  MnFe03  and  SrCoO,  x. 
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Table  2 

EDS  analysis  of  perovskite  powders  after  heat  treatment  at  1000  °C. 


Perovskite  AM03 

O  (at.%) 

A  (at.%) 

M  (at.%) 

A 

fl+M 

M 

A+M 

SrMn03 

62.11 

21.50 

16.39 

0.56 

0.44 

SrCo03 

60.80 

20.84 

18.36 

0.53 

0.47 

MnFe03 

62.75 

19.91 

17.34 

0.54 

0.46 

GdAlOy' 

64.18 

17.82 

18.00 

0.497 

0.503 

a  Data  for  GdA103  are  taken  from  [28], 


The  size  of  crystallites  calculated  from  X-ray  diffraction  data 
(Dxrd)  was  found  to  be  in  the  range  40-89  nm  and  this  indicated 
that  the  perovskites  prepared  by  sol-gel  self-combustion  route 
have  nano-sized  crystallites.  The  higher  X-ray  density  of  GdA103 
perovskite  was  expected  since  the  Gd  atom  is  heavier  than  the 
other  atoms. 

3.2.  Micromorphology  and  textural  characteristics 

The  morphologies  of  the  samples  examined  by  SEM  are  shown 
in  Fig.  2.  GdA103  is  characterized  by  uniform  distribution  of  small 
particles  (about  100  nm)  (Fig.  2a).  A  striking  change  in  the  mor¬ 
phology  of  the  other  three  perovskites  was  observed  (Fig.  2b,  c 
and  d).  In  these  samples  the  particles  did  not  show  a  distinct  shape 
and  the  particle  size  appreciated  by  linear  intercept  method  is  lar¬ 
ger,  up  to  200  nm,  regardless  of  the  chemical  composition.  Also,  the 
clustering  of  the  particles  into  mini-  or  macro-aggregates  with 
irregular  shapes  and  sizes  is  evident. 


Fig.  3  presents  the  EDS  spectra  for  two  perovskites  only  (SrCo03 
and  MnFe03)  and  the  elemental  composition  in  all  the  monophase 
perovskites  is  given  in  Table  2.  One  can  remark  the  purity  of  the 
chemical  composition;  any  foreign  element  is  absent.  Moreover 
the  composition  of  the  samples  is  similar  to  the  nominal  one, 
AM03,  i.e.  the  A/(A  +  M)  or  M/(A  +  M)  ratio  is  close  to  0.5. 

The  nitrogen  adsorption/desorption  isotherms  at  77 1<  are 
shown  in  Fig.  4.  The  isotherms  can  be  classified  as  type  IV  with  a 
small  H3  type  hysteresis  loop,  according  to  IUPAC  classification 
[32].  The  inflexion  point  of  isotherms  indicates  the  stage  at  which 
monolayer  coverage  is  complete  and  multilayer  adsorptions  begin 
to  occur.  The  pore  size  distribution  (PSD)  obtained  from  nitrogen 
desorption  isotherms  is  shown  inset  of  Fig.  4.  The  pore  sizes  (9- 
20  nm)  fall  within  mesoporous  region  (2-50  nm)  [32],  The  specific 
surface  areas  (SBET)  and  total  pore  volume  are  given  in  Table  3.  It 
can  be  noted  that  the  perovskite  composition  has  an  impact  on 
the  surface  area.  The  increase  in  SBET  area  is  in  this  order: 
SCP  <  SMP  <  MFP  <  GAP.  The  largest  BET  surface  area  (10m2/g) 
has  GdA103  perovskite,  which  exhibits  the  smallest  crystallite  size 
(40  nm).  The  total  replacement  of  Gd3+  results  in  a  decrease  in  the 
BET  surface  area  as  a  consequence  of  the  presence  of  agglomera¬ 
tions.  The  lowest  values  of  SBET  (of  about  2  m2/g)  have  been  found 
in  SrCo03_x  and  SrMn03  perovskites,  which  have  higher  values  for 
the  particle  size  and  smaller  pore  volume.  SBET  values  measured 
(2-10  m2/g)  are  comparable  to  those  reported  by  other  authors 
[33  for  perovskites  with  similar  chemical  composition. 

Using  SBET  data,  the  average  particle  size  DBET  was  calculated 
with  the  formula  [32]: 


Fig.  4.  N2  adsorption/desorption  isotherms  (inset  shows  calculated  BJH  plots). 
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Table  3 

Surface  characteristics  for  the  perovskites  after  1 000  °C  heat  treatment. 


Perovskite  composition 

Sbet 

(m2/g) 

Dbet^  (nm) 

Total  pore  volume 
(cnd/g) 

SrMn03 

2.2 

500 

9.75  x  1(T4 

SrCo03 

1.9 

490 

3.05  x  10~3 

MnFe03 

3.2 

370 

4.45  x  10~3 

GdA103b 

9.8 

81 

1.80  x  10~2 

a  Particle  size  calculated  from  SBET  [29], 
b  Data  for  GdA103  are  taken  from  [28], 


where  6  is  the  shape  factor  and  dx  is  the  X-ray  density.  One  can  see 
in  Table  3  that  DBet  is  substantially  greater  than  the  X-ray  crystallite 
size  DXrd  (Table  1 ). 

3.3.  Catalytic  activity  of  perovskites 

The  catalytic  performances  of  the  four  simple  perovskites  in  the 
flameless  combustion  of  some  VOCs  were  investigated  in  the  tem¬ 
perature  range  20-550  °C.  The  results  are  presented  in  Fig.  5, 
where  the  gas  conversion  was  plotted  as  a  function  of  the  reaction 
temperature  for  each  perovskite  composition.  One  can  note  the 
followings: 

(i)  The  catalytic  activity  of  the  perovskite  catalyst  is  influenced 
by  the  reaction  temperature.  Increasing  the  reaction  temper¬ 
ature  facilitates  gas  combustion. 


(ii)  The  catalytic  activities  of  the  perovskites  of  different  compo¬ 
sitions  differ  substantially,  consistent  with  the  results 
reported  by  Seyfi  et  al.  [19],  Fig.  5  shows  an  improved  cata¬ 
lytic  activity  of  strontium  manganite  catalyst  compared  to 
that  of  gadolinium  aluminate  catalyst.  Their  different  spe¬ 
cific  surface  areas  cannot  explain  the  difference  in  the  activ¬ 
ity  of  the  two  samples.  The  specific  surface  area  of  GdA103  is 
10  m2/g  while  for  SrMn03  is  smaller,  of  2.2  m2/g  (Table  3). 

(iii)  The  gas  combustion  over  SrMn03  catalyst  started  at  much 
lower  temperatures  (at  about  100  °C)  compared  to  the  other 
perovskites.  The  greater  activity  of  SrMn03  catalyst  toward 
the  conversion  of  VOCs  indicates  availability  of  reactive  oxy¬ 
gen  species  on  the  catalyst  surface.  This  suggests  oxygen 
may  be  less  anchored  on  the  perovskite  surface  and  be  more 
available  for  VOCs  oxidation,  probable  because  of  the  pres¬ 
ence  of  a  noteworthy  amount  of  Mn4+  ions. 

(iv)  An  interesting  result  was  obtained  for  manganese  ferrate 
(MnFe03)  (Fig.  5c)  and  for  strontium  cobaltite  (SrCo03_x) 
(Fig.  5d).  Regardless  of  the  chemical  composition,  the  two 
catalysts  exhibited  high  catalytic  activity  only  towards  ace¬ 
tone  conversion  and  proved  poor  catalytic  performance  in 
catalytic  combustion  of  propane,  benzene  and  gasoline. 
The  reasons  for  such  a  selective  catalytic  activity  are  not 
yet  clear.  This  behavior  may  be  related  to  some  rearrange¬ 
ment  of  their  lattice  structure  and,  as  a  consequence,  of 
the  active  site  structure,  on  which  the  catalytic  properties 
of  these  perovskites  depend.  It  is  interesting  to  point  out 
the  strong  influence  of  temperature  on  the  acetone  conver¬ 
sion  over  the  MnFe03  catalyst.  The  acetone  conversion 
started  at  a  low  temperature  (150  °C)  and  the  conversion 


Temperature  (°C) 


Fig.  5.  Conversion  vs.  temperature  for  catalytic  flameless  combustion  of  acetone,  propane,  benzene  and  Pb  free  gasoline  over  (a)  GdA103,  (b)  SrMn03,  (c)  MnFe03  and  (d) 
SrCo03_x  perovskites. 


Table  4 

T10,  T50  and  kinetic  parameters  (reaction  rate3  and  activation  energy'3)  for  perovskite  catalysts. 
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degree  sharply  increased  from  10%  to  80%  as  the  tempera¬ 
ture  increased  from  200  to  300  °C  (Fig.  5c).  This  behavior 
was  not  observed  with  the  other  perovskites.  In  contrast 
with  the  MnFe03  catalyst,  the  SrCo03_x  catalyst  started  the 
acetone  conversion  near  200  °C  and  80%  acetone  conversion 
was  obtained  at  a  higher  temperature,  of  450  °C.  A  better 
conversion  of  the  four  gases  was  obtained  over  the  GdA103 
and  SrMn03  catalysts. 

The  activity  data  collected  during  the  flameless  combustion  of 
VOCs  over  the  four  perovskite  catalysts  are  presented  in  Table  4. 
Tw  and  T50  are  the  temperatures  required  for  10%  and  50%  conver¬ 
sion  of  a  gas  and  can  be  obtained  from  the  conversion  versus  tem¬ 
perature  curve.  Temperature  T50  is  usually  chosen  as  the  main 
indicator  of  catalytic  activity  of  a  given  catalyst.  At  T50  temperature 
the  catalytic  activity  for  the  total  oxidation  of  gases  is  sufficiently 
high  and  the  interactions  between  catalyst  surface  and  reactants 
are  intense.  The  lower  this  parameter  is,  the  higher  the  activity 
of  the  catalyst  is.  SrMn03  seems  to  be  a  more  active  catalyst  than 
the  others.  Its  temperatures  T10  and  T50  are  much  lower  than  those 
for  the  other  catalysts  (Table  4). 

Table  4  also  includes  the  values  of  the  kinetic  parameters 
(apparent  activation  energy  and  reaction  rate)  for  gas  oxidation 
over  the  four  perovskite  catalysts.  The  apparent  activation  energies 
for  the  catalytic  reactions  were  calculated  by  means  of  the  Arrhe¬ 
nius  type  plot  of  the  natural  logarithm  of  the  rate  constant  k  at 
low  conversion  (bellow  10-15%)  versus  inverse  temperature  (1/ 
T).  This  plot  is  a  straight  line  and  from  its  slope  the  apparent  acti¬ 
vation  energy  was  calculated.  One  can  observe  that  the  reaction 
rate  normalized  to  specific  area  changes  from  3.8  x  10  2 
pmol  s_1  nT2  to  140  x  1CT2  pmol  s_1  itT2.  The  higher  the  reaction 
rate  is  higher,  the  more  active  is  the  catalyst.  Note  also  the  wide 
variation  in  activation  energies  from  40  kj/mol  (SrCo03  toward 
gasoline  combustion)  to  98  kj/mol  (MnFe03  toward  acetone 
combustion).  The  smallest  values  (31-37  kj/mol)  of  the  apparent 
activation  energy  were  obtained  for  the  SrMn03  catalyst  with  the 
best  catalytic  activity.  The  differences  observed  between  the  acti¬ 
vation  energies  suggest  that  the  nature  of  the  catalytic  sites  differs 
from  one  perovskite  to  the  others.  The  smaller  values  of  the  activa¬ 
tion  energy  for  the  samples  SrCo03  and  SrMn03  can  indicate  a  con¬ 
tribution  of  the  mass  transfer  effects  [34j.  The  values  of  the  kinetic 
parameters  obtained  by  us  are  comparable  to  those  presented  by 
other  authors  for  other  perovskite  type  oxides  and  VOCs  [35,36], 

The  results  presented  in  Fig.  6  clearly  indicate  that  the  chemical 
composition  of  the  perovskite  catalysts  and  gas  nature  have  a  sig¬ 
nificant  influence  on  the  catalytic  performance  in  VOCs  combus¬ 
tion.  Also,  it  is  evident  that  SrCo03  and  MnFe03  catalysts  favor 
the  oxidation  of  acetone  only.  These  catalysts  were  able  to  convert 
85%  acetone  at  500  °C  whereas  the  conversion  of  the  other  gases 
was  below  30%.  The  comparison  shown  in  Fig.  6  indicates  that, 
among  the  four  studied  perovskite  samples,  the  most  preferred 
catalyst,  which  shows  the  highest  catalytic  activity  at  low  temper¬ 
atures,  is  SrMn03  despite  its  small  surface  area  (2.2  m2/g).  This  cat¬ 
alyst  was  able  to  convert  95%  propane,  83%  Pb  free  gasoline  and 
75%  acetone  at  500  °C.  The  low  specific  area  of  the  SrMn03  perov¬ 
skite  does  not  seem  to  take  part  in  the  higher  activity  of  this  cata¬ 
lyst.  The  improved  catalytic  activity  of  SrMn03  may  be  ascribed  to 
the  higher  oxygen  mobility  due  to  the  oxygen  vacancies  generated 
by  the  presence  of  manganese  ion  with  variable  valence.  The  differ¬ 
ence  in  the  catalytic  activity  of  the  four  perovskites  cannot  be 
explained  by  their  different  specific  surfaces.  A  dependence  of 
activity  on  surface  area  was  not  found.  Other  factors,  such  as  struc¬ 
tural  defects  and  oxygen  mobility,  probably  control  the  catalytic 
activity  of  these  perovskite  catalysts. 

There  are  many  hypotheses  about  the  mechanism  of  oxidation 
of  VOCs  on  the  oxide  compounds.  According  to  one  accepted 
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Fig.  6.  Influence  of  the  chemical  composition  of  perovskite  catalysts  on  the  gas 
conversion  at  5000C. 

opinion,  at  low  temperatures  (below  400  °C)  the  catalytic  activity 
of  the  perovskite  oxides  in  the  total  oxidation  reactions  of  the  gases 
is  largely  determined  by  the  amount  of  weakly  bound  surface  oxy¬ 
gen  species  [37]  which  in  turn  depends  on  the  presence  of  oxygen 
vacancies.  The  weaker  the  oxygen  binding  at  the  catalyst  surface  is, 
the  more  active  the  catalyst  for  complete  oxidation  of  gases  is  [38- 
40],  The  surface  oxygen  species  (Cr,  O2 , 02~)  involved  in  the  cata¬ 
lytic  combustion  may  come  from  the  gaseous  molecular  oxygen 
and  from  the  lattice  oxygen  [41,42],  The  interaction  of  surface 
active  oxygen  species  with  reactants  has  an  important  role  in 
mechanism  of  VOCs  total  oxidation  (suprafacial  mechanism)  over 
perovskites  oxide  and  this  is  widely  accepted  to  explain  the  gas 
oxidation  over  mixed  oxide  catalysts  [37], 

In  the  present  study,  the  difference  in  the  catalytic  activity  of 
the  four  perovskite  catalysts  in  the  combustion  of  acetone,  pro¬ 
pane,  benzene  and  Pb  free  gasoline  may  be  explained  by  either 
the  different  reactivity  or  amount  of  the  active  oxygen  species 
involved  in  the  combustion  reaction,  or  by  variation  in  the  number 
of  active  sites  on  the  perovskite  surface  determined  by  the  specific 
structural  properties  of  each  perovskite.  The  gas  oxidation  activity 
over  perovskite  catalysts  is  related  to  the  ability  of  surface  oxygen 
to  activate  gas  leading  to  the  removal  of  surface  oxygen  and  to  the 
ability  of  gas  phase  oxygen  or  bulk  oxygen  to  fill  surface  oxygen 
vacancies. 

The  involvement  of  the  lattice  oxygen  cannot  be  avoided  in  cat¬ 
alytic  gas  oxidation.  According  to  Arai  et  al.  [16]  gas  oxidation  over 
perovskite  oxides  can  be  explained  by  assuming  the  involvement 
of  both  adsorbed  oxygen  and  lattice  oxygen.  The  degree  in  which 
the  lattice  oxygen  is  involved  in  the  catalytic  process  depends  on 
the  oxygen  mobility  in  the  volume  of  the  crystal  lattice,  the  gas 
oxidation  rate  being  determined  by  the  rate  of  oxygen  diffusion 
in  the  oxygen  sublattice.  Lattice  defects  facilitate  the  oxygen  diffu¬ 
sion  (via  vacancy  mechanism  [37])  from  the  volume  to  the  catalyst 
surface.  Hence,  structural  defects  and  oxygen  mobility  are  impor¬ 
tant  factors  controlling  the  catalytic  activity  of  perovskites.  In  this 
study,  the  compositional  changes  may  affect  the  concentration  of 
oxygen  defects,  the  structure  and  activity  of  the  surface  active 
sites.  Such  factors  may  account  for  the  change  in  the  catalytic 
properties  as  a  result  of  the  modification  of  the  perovskite 
composition. 

4.  Conclusions 

By  sol-gel  self-combustion  method  followed  by  heat  treatment 
at  1000  °C,  several  nanostructured  perovskites  with  various  com¬ 
positions  (SrMn03,  SrCo03,  MnFe03  and  GdA103)  were  prepared 


for  catalyst  applications.  The  X-ray  diffraction  confirmed  the 
perovskite  phase  and  nanosize  of  the  perovskite  crystallites  (40- 
89  nm).  The  catalytic  tests  of  the  perovskites  in  the  flameless 
catalytic  combustion  of  acetone,  benzene,  propane  and  Pb  free  gas¬ 
oline  evidenced  that  the  degree  of  the  catalytic  activity  varied  con¬ 
siderably  with  the  composition  of  perovskite.  The  catalyst 
containing  strontium  and  manganese  (SrMn03)  is  generally  more 
active  than  the  other  catalysts.  MnFe03  and  SrCo03_x  perovskites 
proved  high  catalytic  activity  in  acetone  conversion  only  and  poor 
catalytic  performance  toward  propane,  benzene  and  gasoline  com¬ 
bustion.  It  is  worth  noting  the  sharp  increase  of  the  acetone  con¬ 
version  over  MnFe03,  from  10%  to  80%  as  the  temperature 
increases  from  200  to  300  °C.  The  change  in  the  catalytic  properties 
as  result  of  modification  of  perovskite  composition  could  not  be 
correlated  with  their  specific  surface  area  (2-10  m2/g). 

A  possible  explanation  for  the  change  in  the  catalytic  properties 
as  result  of  modification  of  perovskite  composition  may  be  either 
the  different  reactivity  of  the  active  oxygen  species  involved  in 
the  catalytic  oxidation,  or  the  variation  in  the  number  of  active 
sites  on  the  perovskite  surface  determined  by  the  specific 
structural  properties  of  each  perovskite. 
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